We report clinical, CT, invasive coronary angiography and intra-operative findings of a symptomatic elderly man with anomalous origin of left coronary artery from pulmonary artery (ALCAPA). ALCAPA is a rare syndrome with anomalous origin of left main coronary artery (LMCA) from main pulmonary artery (MPA). Survival into adulthood is rare and our case is probably the oldest survivor who has undergone two coronary system repairs for this anomaly. The unique features of our case include: 1) Absence of "q" wave myocardial infarction on ECG; 2) Absence of significant mitral regurgitation; 3) Demonstration of stress induced perfusion defects in nuclear imaging which as per our knowledge has been done for the first time in the literature; 4) A unique technique of closing anomalous LMCA origin by a pericardial patch, sutured on the internal aspect of MPA is the hallmark of this case.
Introduction
ALCAPA which was originally described by Brooks [1] is a very rare congenital defect which accounts for 0.5% of all the congenital heart defects [2] . Without treatment 90% of infants die within 1 st year of life [3] . Rare survival in adulthood is usually because of abundant intercoronary collaterals. The first clinical description along with autopsy findings was described by Bland and Colleagues and therefore called Bland White Garland (BWG) syndrome [4] .
To our knowledge, this is the oldest patient who has undergone surgical repair for this anomaly.
Case Presentation
A 60 years old male with history of hypertension for last 6 years presented with typical stable exertional angina for the past 8 years which particularly became worse in the last 3 months with 5 episodes of nocturnal angina in the preceding month. The physical examination was unremarkable.
Resting 12 lead ECG showed: (Figures 1-12) . Patient opted for conservative medical management which he continued for next 7.5 years. In last 3 months his effort tolerance markedly declined to less than quarter of a kilometer on a flat ground.
The repeat 2D Echocardiogram showed mildly dilated LV (5.4 cm) partial thinning and hypokinesia of apical anterior wall and apical anterior septum with an overall LVEF of 40%.
The extended PLAX view showed a vessel arising from the posterior aspect of main pulmonary artery (MPA) 1 cm distal to the pulmonary valve with retrograde flow from this vessel into the MPA.
The stress nuclear perfusion scan showed moderately large reversible perfusion defect in LAD and circumflex territories.
A contrast CT coronary angiogram showed a large left main coronary artery (7 mm in diameter) originating from the left posterior aspect of main pulmonary artery 1.7 cm above the level of pulmonary valve and 2.0 cm away from the closest extent of aortic root (The aorta was "D" posed).
The RCA was markedly enlarged tortuous with big intercoronary collaterals to the entire left system. There were no atherosclerotic lesions either in the RCA or left system. Intra-operatively the findings of CT coronary angiography were confirmed. Patient was put on cardiopulmonary bypass pump and it is worthy to notice that even after 600 ml of cold cardioplegia in the aortic root the heart did not arrest and selective cardioplegia into the ostium of anomalous left main coronary artery had to be given after opening the MPA to achieve complete cardioplegia. LIMA was therefore harvested and kept ready in case we find the length of LMCA inappropriate for mobilization.
The length of the left main (LMCA) was only 1.2 cm and therefore it was not an appropriate length for reimplantation into the aortic root and also the distance between the origin of LMCA and pulmonary valve was barely 1 cm. The surgeon therefore opted to close the LMCA origin from within MPA with an autologous pericardial patch and offered LIMA graft to LAD.
Patient did well with no post operative complication except short lived episode of paralytic ileus.
Discussion
Most patients with ALCAPA (90%) die in 1 st year of life because of shunting of blood from left coronary system into pulmonary artery leading to severe ischemia in LAD and circumflex territories.
A small percentage of patients surviving until adulthood have extensive collaterals from RCA to left coronary system. Despite the extensive collaterals there occurs coronary steal from the left system into PA leading to chronic left ventricular subendocardial ischemia, progressive left ventricular dysfunction, mitral insufficiency and high incidence of sudden cardiac death [3] [5] .
Infants and neonates usually present with heart failure, failure to thrive and rarely can exhibit a continuous murmur at the left base.
Adults on the other hand usually present with effort angina or angina equivalent symptoms.
ECG
The resting electrocardiogram usually demonstrates pathological "q" waves in leads I, AVL, V5, V6, poor "R" wave progression in precordial leads with sudden shift to qR pattern and infrequently a left axis deviation. Post-operatively such "q" waves may disappear. In our case, we had a frontal plane QRS axis of −45˚, QRS duration of 120 ms and a splintered QRS in V2.
In our case postoperatively, QRS narrowed down to 100 ms and the splintered appearance of QRS in V2 disappeared.
Invasive CAG in adult ALCAPA usually shows dilated tortuous RCA with large intercoronary collaterals supplying the left coronary system. Oximetry may show a small left to right shunt.
In our case, a large super dominant RCA with huge inter coronary collaterals are seen opacifying the left system image (see Figure 1) . ECG gated ultrafast CT coronary angiography is the modality of choice for the comprehensive evaluation of ALCAPA syndrome and the diagnostic hall marks are: 1) Direct visualization of LMCA from MPA.
2) Dilated tortuous RCA.
3) Dilated multiple inter-coronary collaterals on the epicardial surface of the heart. 4) Dilated bronchial arteries which act as systemic collaterals to LMCA. The diameter of LMCA, length of LMCA and the distance between LMCA and aorta also can be well assessed by CT angiography and this is valuable information for surgeons.
On 2D-Colour echocardiography the diagnostic hallmark of ALCAPA is the demonstration of LMCA originating from the posterolateral aspect of MPA and the demonstration of a retrograde flow from LMCA to MPA on colour flow imaging.
In our case, we have been able to demonstrate both CT ( Figure 5 and Figure 6 ) and 2D-colour echocardiographic (Figure 2 and Figure 3 ) findings vividly.
Surgical Repair
Broadly two types of surgical repairs have been described in literature.
1) One coronary system repair 2) Two coronary system repairs Single coronary system repair involves simple ligation of anomalous LMCA at its pulmonary origin to avoid the steal. This procedure is now abandoned due to high rate of complications such as severe ischemic MR, recanalization of ALCAPA and high incidence of post-operative sudden death.
Two coronary system repairs are now preferred and are of three following types:
1) Coronary button transfer
This involves direct re-implantation of LMCA on to the ascending aorta with a button of pulmonary artery This is mainly practiced in infants and gives best long-term results.
2) Takeushi Procedure
This involves making a baffle from the MPA wall to tunnel the LMCA through MPA into aorta. Again this is more feasible in infancy.
3) CABG with ligation of anomalous LMCA This involves ligation of anomalous LMCA along with venous or arterial bypass grafting of the left coronary system.
In our case, we adapted the third approach as the surgeon felt that the distance between aorta and LMCA is too big for a button transfer. The unique hallmark of our case is the fact that we gave selective cardioplegia into the LMCA after opening the MPA and closed the LMCA opening with pericardial patch on the internal aspect of MPA.
Patient was discharged on dual anti platelet therapy, Carvedilol, statins and Nikorandil. One month post operative CT coronary angiogram showed widely patent LIMA graft to the left system, regression of intercoronary collaterals but the apical portion of the LAD showed presence of small thrombus.
LIMA-> LAD graft ALCAPA, which though is a rare anomaly with high infantile mortality, can present in adulthood. The treatment of choice is two coronary system repairs, earlier the better. The hallmarks of our case are extraordinarily long survival without Q wave infarction on ECG and the unique technique of surgical repair.
